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Abstract 
Combining passive elements with mechanical systems in office buildings may achieve a decrease in 
greenhouse gas emissions and energy consumption, and an increase in occupant satisfaction. This 
parametric study explores the potential for reducing cooling loads through architectural design and 
mixed-mode systems for medium and high-rise office buildings in Brisbane. An example of basic plan 
type and building materials is used as the base case of the runs. Factors like window size and 
orientation, glazing types, shading, and ventilated facade form the control variables. A-TAS module 
of TAS Building Design software is the tool of the study. 
 
 
1 INTRODUCTION  
Proposed targets for lowering greenhouse gas emissions combined with improving comfort for occupants of buildings 
has lead researchers and designers to concentrate on studies relevant to passive and mechanical air-conditioning 
systems. Currently, effort towards decreasing the dependence of buildings on HVAC systems without compromising on 
thermal comfort, both physically and psychologically, has demonstrated that architectural design can reduce energy use. 
However, compared to residential buildings, there has been relatively less research carried out on large scale/high-rise 
commercial buildings, where cooling loads become more important. 
 
The use of natural ventilation alone in medium to high-rise buildings is not a suitable solution for most Australian cities. 
Mixed-mode systems, which use a combination of natural ventilation and mechanical systems, however, offer the 
possibility of using outdoor air conditions to reduce peak HVAC energy loads and thus reduce costs and Greenhouse 
gas emissions as well. They also increase occupant satisfaction and encourage the user and designer to open up to 
outside conditions when suitable, giving the occupants control of their environment. Research has shown that giving 
back control to the occupant is correlated to the satisfaction that occupants have with their environment (Rowe, 1996). 
This is partly due to the occupants having access to controls that can alleviate the immediate discomfort they are 
experiencing. Brager and De Dear (2000) state that occupants of HVAC buildings become more finely adapted to 
mechanically conditioned, static indoor climates. They develop high expectation for homogeneity and cool 
temperatures, and soon become critical if thermal conditions do not match these expectations. In contrast, occupants of 
naturally ventilated buildings appear tolerant of and, in fact, prefer a wider range of temperatures. This range may 
extend well beyond the comfort zones described by standards, and may more closely reflect the local patterns of 
outdoor climate change. 
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2 OUTLINE OF THE STUDY  
2.1  HVAC versus Mixed-Mode Thermal Comfort Conditions 
Research undertaken to determine the optimum temperature and humidity levels, and guidelines for their 
implementation were introduced in 1966 in the USA (Brager and De Dear, 2000). When designing for thermal comfort, 
mechanical engineers have extensively used the ASHRAE Standard 55, which was based upon thermal comfort 
acceptable to 80% of the building occupants (now aimed at 90% of occupants). This standard has, however, been 
criticized if used as a guide for naturally ventilated or mixed-mode buildings. Brager and De Dear (2000) have 
suggested that an occupant’s psychological adaptation should modify the acceptable range of indoor operative 
temperatures for naturally ventilated buildings. They argue that an adaptive thermal model, more applicable to natural 
ventilation, could be implemented which will allow for more variable air temperatures when calculating an occupant’s 
satisfaction. The percentage of occupants who are satisfied with the building’s internal climate is defined as Predicted 
Mean Vote (PMV). The PMV equation by Fanger takes into account air temperature, mean radiant temperature, 
humidity, air velocity, metabolic rate, and clothing insulation of occupants (Innova 1996). It has been successful in 
determining occupant satisfaction in HVAC buildings and is used in this research while acknowledging Brager and De 
Dear’s recommendations. 
2.2  Climatic Characteristics of Brisbane 
The weather of Brisbane and South East Queensland is described as warm humid with sub-tropical summers and 
moderate winters. Typically the region has warm sunny days with rain during the summer season and mild winters 
occasionally below 5°C in some areas on its southern borders with NSW. Mean daily maximum temperatures from May 
to October are within the range of 20 to 26°C and the mean number of cloudy days rarely reaches more than five in any 
month. Summer is very humid and very warm with temperatures between 25 to 30°C and occasional periods of between 
30 to 35°C. Winter, with mostly fine days, is warm in the northern part of the state of Queensland and mild in the 
southern part. It is the most comfortable season in the northern part of the state. Winter also has the fewest rainy days 
(www.bom.gov.au/climate/environ/travel/warmhumid.shtml).  
2.3  Software 
The A-TAS module of TAS Building Designer software by Environmental Design Solutions Limited has been used, in 
this study, for calculating the thermal loads and analysing the effects of varying parameters. A-TAS provides hourly 
data for air temperature, mean radiant temperature, and humidity for the simulated building. It uses the effects of the 
HVAC control variables and climatic data to perform its calculations. These results are then used in equations that solve 
variables used in the PMV equation. It is important to note that the air temperature, used to solve variables in the PMV 
equation, is affected by the infiltration of outside air.  
 
The variables and climatic data used by A-TAS during its simulations to calculate data are as follows: global radiation, 
total solar radiation intensity on a horizontal plane, diffuse sky radiation intensity on a horizontal plane, cloud cover, 
dry-bulb temperature, relative humidity, wind speed, and wind direction. For internal air specifications for HVAC 
simulations, 0.5 air changes per hour is accepted for infiltration air, whereas using the economy cycle where more 
outside air lowers the cooling load, depending on each month of the year outside air ventilation is entered as either 1.5 
or 6. As internal loads data, lighting gains are considered as 15W/m², occupant sensible gains as 5W/m², occupant latent 
heat gains as 4.2W/m², and equipment sensible heat gains as 20W/m². Internal air specifications for natural ventilation 
consider a 110mm opening to each window (0.11m x 18m = 1.98m²); façade area including service space is 68m² (20m 
x 3.4m (WxH)); area open to natural ventilation expressed as a percentage of façade area is 3% (1.98m² / 68m²). For 
mixed mode in addition to window openings, an air change rate of 1.5 is applied without the HVAC schemes winter 
economy cycle air-change increase. There are also additional factors to be used in the PMV calculations but not 
determined by A-TAS. They include, the internal air velocity (0.15m/s), the clothing insulation factor (0.7 Clo for male 
and 0.65 Clo for female), the metabolic rate or Met value (1.2 Met - sedentary office activity). 
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3 ANALYSIS AND RESULTS 
The building fabric of a mixed-mode or HVAC building can assist in reducing heat loads from external heat gains. The 
penetration of solar radiation through windows and conduction through the building fabric can add to internal heat gains 
from lighting, equipment and occupants, increasing the need for cooling. While in some climates, such as Melbourne, 
heat gain may be beneficial; buildings in a climate such as Brisbane can benefit greatly from an external fabric that 
limits solar gains.  
 
Within the framework of this study, the test model has been applied to a NW/SE axis reflecting Brisbane’s inner city 
street grid. George Street, which has a bearing of approximately 139 degrees (Department of Mining and Energy survey 
records), generally requires buildings to have walls 319 degrees from North when running parallel to George, Albert, 
and Edward Streets.  
 
The simulated model, following the approximate town planning guidelines for Brisbane, has a podium level of 17m 
consisting of five 3.4m levels including the ground level. To realistically simulate a corner site, glazing to the podium 
level was applied to only two facades, the NW and SW. Glazing to the ground level simulates a 2.4m shop front, which 
covers 60% of its facade area. The tower levels consist of ten 3.4m levels. The ground floor and podium level form a 
30m square of 900m² and the tower a 20m square of 400m² simulating a 8500m² medium-rise building.  
 
The following analysis has been undertaken to see whether alternatives to the fabric can increase the thermal 
performance of such a building. As the simulated model’s podium has openings to only two facades, in order to see the 
effects of orientation of windows, only the results of the tower are analysed for comparison in some of the studies. Such 
cases are clearly indicated in the text. The approach of the study is firstly to demonstrate the effects of architectural 
design in relation to the cooling and dehumidification loads on the building; and secondly to compare mixed-mode and 
full air-conditioned scenarios on optimum building outcomes. 
3.1  Ratio of Window to Façade Area 
The ratio of window to façade area component of the study is carried out to see the effects of varying window ratios for 
different orientations. The tower, with a 50% window ratio on each façade is accepted as the benchmark and compared 
with the results of eight other tower buildings. In each of those buildings, the adjacent two facades are kept as 50% 
window ratio and the remaining two facades are varied to sum to 100% in total, for example 20 and 80%, 30 and 70%. 
In this type of building, total window area forms 50% of the total façade area on average. The results of the runs are 
given in Fig. 1. Differences between the extreme cases reach up to 8.8%. The analysis of the graph shows that, for a 
medium-rise commercial building in Brisbane with the described conditions, smaller window ratios in north-east or 
north-west facades result in higher savings in cooling and dehumidification loads. Cooling loads are more important in 
commercial buildings all year round due to high internal gains. North, north-east and north-west oriented facades 
receive high amounts of solar radiation in winter, whereas south-east and south-west facing facades are more exposed to 
sun only in summer, either in the morning or in the afternoon, respectively. 
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 Figure 1. Window ratio and orientation 
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3.2  Orientation 
In order to see the effects of orientation of openings, the window ratio of one façade of the tower is kept high and the 
rest kept quite small and equal to each other. In the first case, window to facade ratio of the north-west façade is kept as 
80% and all others as 20% (NW 80). In the other three cases north-east (NE 80), south-east (SE 80), and south-west 
(SW 80) are kept as 80%. The results of this analysis (with 8.5 to 9% decrease in cooling and dehumidification loads) 
support the results of the previous analysis about the advantage of south-east and south-west facing facades over north-
east and north-west facing facades of the building (Fig. 2). 
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Figure 2. Effect of window orientation on total cooling loads (cooling and dehumidification). 
3.3  Ratio of Window to Façade Area and Orientation 
The results obtained from the previous two analyses suggested further investigation was warranted of the effects of 
window to façade ratio and orientation combined. The relationship between two northern facades and two southern 
facades are examined. The window ratio percentages are varied between 80 and 20 to 20 and 80 for seven cases. When 
the cooling loads of the tower are compared with the base case (50% at each façade abbreviated as NE-NW50/SE-
SW50) the building with 80% NE and NW, and 20% SE and SW (NE-NW80/SE-SW20) showed an increase of 8.8%. 
The increase was 5.8% for NE-NW70/SE-SW30 building and 3.0% for NE-NW60/SE-SW40 building. The increase in 
ratios of southern façade offered a decrease in cooling loads as 2.5, 5.1, and 7.5% for NE-NW40/SE-SW60, NE-
NW30/SE-SW70, and NE-NW20/SE-SW80, respectively. The most striking result of this exercise is the 17.6% increase 
in cooling load between the two extremes, which have exactly the same ratio but different orientations (Fig. 3). 
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Figure 3. Effect of ratio of window to façade and orientation on total cooling loads (cooling and dehumidification). 
3.4  Shading of Windows and Types of Glass 
The base case for a study of window shading and glass types is a building having an unshaded 50% window to façade 
ratio. Two sets of runs, one being clear and the other evergreen glass, are carried out to show the effects of two different 
types of glass with varying shading types. The 10mm clear glazing used in this study has a visible transmission of 83%, 
visible reflectance of 7%, solar transmission of 73%, U-value of 5.8W/m², and a shading coefficient of 0.89. Evergreen 
glass, on the other hand, is 12 mm double laminated with visible transmission of 61%, visible reflectance of 6%, solar 
transmission of 27%, solar reflectance of 6%, U-value of 6.1W/m², and shading coefficient of 0.53. 
 
Potential of Reducing Cooling Loads through Architectural Design and Mixed-mode Systems in Medium-rise Office 
Buildings in Brisbane Demirbilek and Depczynski 
 Proceedings of Solar 2002 - Australian and New Zealand Solar Energy Society Paper 1 5 
When the two base cases of the two glazing types are compared, the results showed a 14.6% decrease in cooling loads 
in favour of an Evergreen glazed building with tower and podium and 17.3% with tower only. Then, shading of 
windows for each floor (abbreviated as Sh in the Figure) and internal and external blinds are applied to different 
orientations, in varying combinations. Keeping in mind the ease of application, a simple shading device in the form of a 
800mm overhang is used. Internal blinds (inbl) are assumed to be close to shut, with both light and solar transmission of 
7%, whereas external blinds (exbl) are half open, with both light and solar transmission of 50%. It must be kept in mind 
that there will be a problem of lighting in the case of using internal blinds. The results of tower only are given in 
parenthesis just after the results of the tower and podium. 
 
As the first step, a shading device is applied as it is relatively easy to incorporate this type of device in buildings. 
Shading is applied to NE and NW facades only as the previous set of runs on orientations showed that those two facades 
are most vulnerable to solar loads all year round. These runs resulted in a 9.9% (9.6%) saving in cooling loads 
compared to the base case with clear glass and 8.3% (8.4%) to the base case with Evergreen glazing.  
 
When internal blinds are applied to SE and SW facades of the building in addition to NE and NW shading, the savings 
in clear glass increased to 12.8% (14.7%) for clear and 9.2% (9.9%) for Evergreen glass. Applying shading to SE and 
SW instead of internal blinds resulted in total savings of 12.7% (14.6%) and 10.7% (12.8%). Use of shading devices on 
all facades and additional internal blinds for SE and SW resulted in 14.9% (18.5%) and 11.4% (14.0%) savings overall.  
 
Although the study focuses mainly on decreasing cooling loads, use of internal blinds do not seem to be an acceptable 
solution. There will be severe reductions in natural lighting that will increase the lighting loads, which is not a 
preferable solution because this will also increase the cooling loads. Hence, as the next step, external blind application 
is analysed, leaving the internal blind application aside. External blinds on NE and NW facades, but without the shading 
devices, provided a saving of 21.4% (21.8%) and 17.1% (18.3%) for clear and evergreen glazing, respectively. With the 
application of external blinds to all facades the savings increased to 28.3% (34.0%) and 22.6% (28.5%). With inclusion 
of additional shading to all facades the outcome was 33.7% (40.1%) and 27.8% (34.8%) savings. Combined use of 
internal blinds and Evergreen glass does not seem to be worth the trouble, even without taking the potential lighting 
problem into consideration. The results of shading and blinds analysis are shown in Figure 4. 
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Figure 4.  The effects of shading on windows with clear and evergreen glazing. 
3.5  Lowering Window to Façade Ratios 
At this point of the study, the effects of lowering window to façade ratios are explored. The base case (NE-NW50/SE-
SW50) having 50% window to façade ratio at each façade is compared with buildings having 40%, 30%, and 20% at 
each façade. The decreases in cooling loads for these buildings are 8.3, 16.9, and 25.6%, respectively (Fig. 5).  
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Figure 5. The effects of lowering window to façade ratio. 
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3.6  Utilization of Mixed Mode 
Although the analysis on lowering window to façade ratio resulted in lower cooling loads for a building with 20% 
glazing factor, considering the natural lighting requirements a 30% window to façade ratio building for all of the 
facades has been chosen as the base case for the mixed mode study. All windows use Evergreen glazing and the NE and 
NW glazing is shaded. A 30% façade percentage translates to a 1.1m high window with a 1m sill height for the tower 
levels. As a test case the 10th level of the building has been chosen. To ensure humidification synchronicity, 55% 
humidity value has been chosen for both the air-conditioned building and the mixed mode building. This ensures that no 
mixed-mode or HVAC period accepts an internal humidity of more than 55%. Clothing insulation values are the same 
through the whole analysis leaving out any gains that might be available by decreasing insulation (clo value) and/or 
increasing occupant satisfaction or accepting lower internal temperatures and radiant temperatures for a longer period of 
time. Also, ventilation loads used to transfer air from the outside to the inside for both the air-conditioned and mixed-
mode schemes have not been calculated. Therefore this aspect of potential energy savings has not been factored into the 
analysis at this stage. 
 
Comparison of the mixed mode scheme with the fully air-conditioned scheme, resulted in a 5.5% savings in favour of 
mixed mode for a PMV of +/-0.5, which represents 10% of the occupants being dissatisfied. Brager and De Dear (2000) 
recognise this value of satisfaction as being very stringent. A PMV of +/-0.7, showing 15% dissatisfaction ratio, 
provided 8.25% savings in cooling loads whereas 20% dissatisfaction with a PMV of +/-0.85 provided 10.65% savings. 
 
4 CONCLUDING REMARKS 
The results of the analysis carried out within the limitations of this study display some numerical examples for different 
architectural elements like window to façade ratio and the orientation of the openings, use of different glazing types, 
and protection of surfaces from solar gains. Different design strategies applied in the study can contribute to improved 
thermal performance of buildings with a decrease of 8% to 25% in cooling loads. Combination of different design 
strategies with mixed mode systems can further decrease cooling loads. In MM systems besides the savings in energy 
loads, the occupant satisfaction due to having control on their environment should also be considered. 
 
The study demonstrates the importance of architectural design and the choice of materials on the thermal performance 
of buildings as well as analysing the potential of mixed mode schemes. It strives to inform the architect to the 
significance of taking these features into account during the design stage. In practice, though, every major site and 
project needs to be assessed for micro-climatic, geographic and built environment factors. A mechanical engineer 
and/or environmental building engineer who has the required expertise to detect further energy savings or the 
limitations of some energy savings strategies for each building and its individual context is needed. This will contribute 
to an accurate simulation of thermal performance of the building and the application of appropriate energy efficient 
strategies. 
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